Abstract: Can shrinking cities harness population decline to improve their sustainability by repurposing land use, for example, for localizing food production? Whether such a transition is feasible depends on the pre-shrinkage state of urban agricultural land use, including ongoing trends in local land use change. This study examined agricultural land use from 2007-2017 in Kyoto City, Japan. Kyoto is on the brink of a large projected population decline (~190,000 or~13% until 2040) and serves as a representative for a large number of regional Japanese cities in a similar situation. Analysis was based on a public 2007 land use data set, aerial and satellite imagery and ground truthing. Results showed a decline of 209 ha or 10% in agricultural land use over ten years, but also highlight the diversity of ongoing agricultural land use types not captured by standard categories. The main post-agricultural land uses were residential (40%) and vacant land (28%). These results have implications for planning and policy. Kyoto City is currently not set to benefit from the projected shrinking process through localizing food production, despite a tradition of vegetable production. Future research should analyze drivers of change for observed agricultural land use.
Introduction
Shrinking cities face the challenge of providing a pleasant place to live for residents while transitioning to sustainability, but without the financial capacity of a growing local economy [1, 2] . Demographic trends, like aging and depopulation, erode municipalities' tax bases, while cities simultaneously struggle with mounting costs of maintaining, repairing or replacing aging infrastructure built in times of expansion and development [3] . Yet urban population decline also raises the question of what purpose the land freed up by decreasing population pressure should serve. The process of urban shrinkage can thus be understood as a window of opportunity for administration and residents alike to revisit and rethink visions, strategies and planning priorities [2] . Ideally, the special situation of shrinking cities may allow them to pursue measures to transition towards sustainability that may be harder to enact in growing cities.
Japan is at the forefront of a demographic decline among industrialized nations. This presents an opportunity to study potential post-industrial sustainability transitions which may provide valuable lessons for countries on a similar population trajectory (e.g., South Korea, China, Italy). Regional Senegal) [27] . These studies show that the use of aerial and satellite imagery is gaining popularity as the resolution of images and their availability improves, yet the absence of an established protocol for mapping urban agricultural land use through remote sensing, ancillary data and ground truthing suggests that this subfield is still in a stage of methodological experimentation. While in cities such as Boston, publicly available LiDAR (light detection and ranging) data allows for including potential rooftop production [28] , lack of data availability may limit which aspects analyses can take into account. Moreover, publicly available land use data is usually only updated at specific intervals, and municipalities may choose to stop independent surveys due to their cost [29] . Often, high resolution imagery is only available for one point in time as the technology has only become broadly available recently, making analysis that includes both spatial and temporal axes difficult. Yet land use change trajectories likely have a strong influence on the feasibility of food localization strategies. An up-to-date mapping survey is therefore preferable to relying on data that is outdated or was collected for other purposes, such as taxes. We take up this task here. This paper aims to form an understanding for how well Kyoto City (hereafter, Kyoto), a shrinking regional city in Japan, is positioned to harness the process of population decline for improving sustainability through localizing food production. We recognize this to be too complex of a problem to address in one paper, as it requires, at a minimum, an assessment of agricultural land use change and land use change trajectory, a dedicated analysis of demographic and institutional drivers of this trajectory, and a policy analysis of relevant planning regulations at multiple administrative levels. This paper takes the first step by addressing the following research question and sub-questions:
How does the current trajectory of agricultural land use in Kyoto affect a potential sustainability transition through localizing food production? In this paper, urban agriculture is defined as all land in the study area used for growing produce, for example, commercially used farmland (including tea plantations and orchards), community farming and residential activities (e.g., vegetable field within private garden). Current data for Kyoto City indicates that there is 2500 ha of commercially used agricultural land [30] , accounting for around three percent of the city's total area.
Materials and Methods

Study Site
This study focused on the regional Japanese city of Kyoto, capital of Kyoto Prefecture and renowned as the long-time former imperial capital of Japan (794-1869 AD). Founded around 600 AD, Kyoto gained its legal city status in 1889 AD. Today it is home to 1.48 million residents, with a population density of 1782 inhabitants per square kilometer, and since the 1970s, population size has remained stable [31, 32] . Yet the population is projected to decline by about 190,000 or 13% by 2040 [4] , a dramatic demographic shift that many other regional cities in Japan face as well. As a result, Kyoto is currently on the brink of entering a shrinkage process, marking a time where planning and policy may be crucial in determining whether sustainability can be improved through local food production over the next twenty years.
Kyoto is located in a temperate climate zone (Köppen-Geiger type Cfa [33] ) and surrounded by mountainous areas in the west, north, and east. As the city grew, the mountains acted as natural barriers, somewhat containing urban sprawl but similarly limiting the degree to which agricultural land use could be easily extended. For this study, the extent of the survey was limited to the Kyoto basin (Figure 1 ), as the basin represents a traditional geographic boundary and areas beyond the basin differ substantially in their level of urbanization and development pressures.
Kyoto has a long history of local agriculture, and interest in its commercial agricultural production continues to this day. Using Kyoto's image as a historical and cultural center, a variety of vegetables were designated 'traditional Kyoto vegetables' in 1987 [34] . This initial move by chefs, farmers and government officials succeeded in marketing and selling such vegetables at a premium, but subsequently, higher prices concerned chefs who depended on them for their Kyoto cuisine. The definition, production methods and appropriate geographic area in which traditional Kyoto vegetables can be grown became contested, leading to competing designations. These debates brought attention to the nature and meaning of urban agriculture in Kyoto, from the question of tax reductions for farmland within the city boundaries to diminishing local identity, livelihoods and farmlands [34] . Such discussions also show that there is more to Kyoto's urban agriculture than commercialized traditional Kyoto vegetables. In fact, Kyoto is home to a variety of practices surrounding local agriculture. These include embedded ultra-local food systems where local farmers produce exclusively for their neighbors (personal communication) and sell via unattended vegetable stands, peddling farmers making their rounds selling (often traditional) vegetables in a way closely linked to daily diets of locals [35] , and a limited number of community gardens. Previous research has also shown that in a representative survey, residents of four shrinking Japanese cities, including Kyoto, supported urban agriculture and community farms for target land use for land freed up in the process of shrinking [36] . 
Data Collection and Analysis
This study used an existing land use data set from the Ministry of Land, Infrastructure and Transport that covers the larger Kansai area and is dated as being from 2007. Data for the target area for this study was imported and extracted using QGIS [37] , then compared and analyzed using aerial and satellite imagery from Google Earth Pro and Google Street View [38] , which covered the time frame from 2007 to 2017 in sufficient quality ( Figure 2 ). Data analysis included the addition of missing agricultural land use areas through systematic visual assessment of the study area, polygon alignment, post-agricultural land use analysis, recording of metadata (presence of trees and fruit trees, green houses etc.), and the time of loss of agricultural land. Plots where analysis was difficult to complete using Google Earth and Street View were groundtruthed in autumn 2017 through site visits and geotagged photography. Based on land use and visual data, types of agricultural land use were compiled into a typology beyond the basic distinction between fields and rice paddies present in the original public land use data set ( 
Results
Agricultural land use (urban agriculture) in the Kyoto basin area in 2017 amounted to around 1695.72 hectares (Table 1) , with rice paddies (995.03 ha) and dry fields (609.04 ha) comprising the majority of the area. From 2007 to 2017, agricultural land use in the Kyoto basin declined by over 200 hectares (>10%), resulting in an annual loss of slightly more than one percent per year (Tables 1 and 2 ). However, the situation differs between agricultural land use subtypes. Conversion of dry fields and rice paddies to non-agricultural land use types accounts for all of the decline in total agriculturally used area. In contrast, the area used for allotments grew by 14%, even though this high growth rate is a result of the small share allotments contributing to total agricultural land in 2007 (less than one percent). The data also indicate that conversion of rice paddies to dry fields is comparatively common, while the reverse rarely occurs. Farmland is not evenly distributed over the Kyoto basin ( Figures 5-8 , Table 3 ). Even in 2007, little agricultural land use was present in the historic city core, and those few sites have persisted. One newly established site in the city core is one of the few existing rooftop agricultural sites in Kyoto, and is located on top of a building that also contains an upmarket grocery store and restaurant. In contrast to the city core, most agricultural land in Kyoto is located in outlying residential areas. Most of the city's decline in farmland was also found in these areas. Sites converted from agricultural land use to other land uses were analyzed to identify post-agricultural land use. Residential land use was the most prevalent post-agricultural land use, followed by vacant land and infrastructure, such as parking lots and roads (Table 4 ). We will discuss the implications of these findings below. 
Discussion
On Track for Local Food Production and Sustainability?
Kyoto is losing agricultural land despite being on the brink of entering a phase of population decline projected to reach 13% by 2040. The current land use trajectory represents an obstacle to benefitting from this projected shrinking process by localizing food production, unless the trend is stopped or even reversed. In addition, the loss of agricultural land likely affects residents in other ways as well, as urban agriculture provides aesthetical, cultural and recreational services in addition to food production. A number of additional factors may play a role here and are discussed below, but a detailed statistical analysis exceeds the scope of this paper.
Firstly, demographic or political factors may speed up, slow down or even reverse the process of population decline. Faster depopulation could alleviate development pressure on agricultural land in Kyoto. In contrast, slower depopulation would likely mean continuation of the current land use trajectory, with the possibility of slight intensification. Even though renewed population growth is an unlikely scenario, this would place increased development pressure on agricultural land and thus endanger the localization of food production. These population-dependent factors are indirectly linked to policies determining tax rates for agricultural land. In particular, the Productive Green Land Act (established 1974, revised 1992), currently set to expire in 2022, preserves agricultural land through reducing the tax burden for such areas [39] . This scheme, however, requires active cultivation of the land and prohibits selling the land for uses other than agriculture. The possible expiry of the law has prompted debate about its effect on land prices and there is concern that without the preservation scheme, Japanese cities might experience a substantial sudden loss of agricultural land [39] . Legislative amendments in 2017 widened permitted ways to use the land (e.g., direct sales point, farmer-owned restaurants) and introduced a pathway for preserving particularly important areas of agricultural land. It seems that these changes are intended to reduce the impact of land becoming eligible for sale as a reaction to growing concerns. While the land area affected by this law in Kyoto is limited, the situation reflects a clear absence of strategic planning measures and interventions for localizing food production.
Secondly, it was observed in this study that residential and vacant land uses have dominated post-agricultural land uses. This suggests a number of possible drivers for the continued conversion. Newly created detached houses outweighed multi-family apartment buildings, even though the city already had an empty property rate of 14.0% or over 114,000 houses in 2013 [40] . A commonly observed pattern is the time-lagged transition from active farmland to vacant or abandoned land, followed by development. This pattern is likely related to demographic shift. Advanced age may prevent people from cultivating their lots, causing the land to be sold, possibly by heirs who may reside elsewhere and are thus unable to continue using the land for agriculture. Until corroborated by further analysis, this explanation nevertheless remains a hypothesis. These lots must be considered mid-to long-term loss of agricultural land, as nearly all new urban residential developments in Japan include no or only negligible garden space. However, the period of the process where land lies vacant could represent a window of opportunity for policy interventions, something we discuss in more detail later.
Thirdly, the general context of agriculture in Japan and urban agriculture in particular may influence the continued cultivation of urban agricultural land. In a positive light, consumer demand for local produce or traditional varieties, opportunities to sell produce directly to local restaurants or via farmer's markets, participation in community-supported agriculture schemes and other factors may either provide motivation and financial incentives to continue cultivation in urban or peri-urban areas. Urban farms in and around the major metropolitan areas of Tokyo and Osaka, for example, because of their proximity to large consumer populations, would be in line to benefit more so than their regional counterparts. The emergence of hybridized lifestyles that include part-time, small scale food production would seem to align nicely with the opening or maintenance of urban agriculture [41] . During groundtruthing, we discovered an embedded, ultra-local food system in the north-west of Kyoto where farmers produce exclusively for their neighbors, selling to them via unattended stands, yet carefully catering to their customers' individual preferences [42] . Such a model could provide insight into potential pathways for localizing food production while preserving agricultural land. However, the ongoing trend toward deagrarianization is exceedingly strong, as numbers of farmers dwindle and farmland falls into disuse [43] . Support for agriculture from the national government is mainly in favor of developing niche products at a scale for export, and urban agriculture is not an overt priority.
National and International Comparison
Kyoto's ongoing loss of urban agricultural land appears to be the norm rather than the exception when comparing the rate of decline with other Japanese cities. While data based on similar mapping surveys is not available, agricultural census data allow a rough comparison between municipalities. A comparison with regional Japanese cities puts Kyoto in the middle of the field ( Table 5 ). Loss of urban agricultural land is therefore a common problem with policy implications for urban planning of Japan's shrinking regional cities.
Statistics that would allow for comparison with cities outside of Japan over periods of 10 years or more were unfortunately not readily available. However, our findings support the argument that urban agriculture is highly context-dependent. For example, urban agriculture in Kyoto is neither a means to subsistence in the absence of social safety nets, as is the case in Russia, nor a focal point for the emergence of social justice oriented citizen movements (USA), nor supported through major state-funded infrastructure projects (Germany) [14] . * Nagano City's area expanded due to merging with another municipality in 2010.
Implications for Planning and Policy
The results of this study suggest that Kyoto's planning policy in its current state will not be able to harness the demographic shift for a potential transition to sustainability by localizing food production. Planning policies to mitigate urban sprawl by dividing land into areas designated for urban development and extra-urban areas with restricted development were designed for growing cities. Legislation such as the Productive Green Land Act were established with the intention that local governments would buy back protected areas for public use, but fiscal constraints have made public acquisition rare [39] . Moreover, much urban agricultural land is not subject to the Productive Green Land Act. To adapt the plan for population decline, planners should reexamine some aspects of zoning to avoid negative effects, such as farmland loss. We therefore outline some policy interventions necessary, but not sufficient, to localize food production for sustainability purposes below.
Halting the loss of urban agricultural land in Kyoto should be the top priority. Once converted to other land uses, excluding vacant land, reverting the process to restore the farmland is difficult. For this reason, farmland should be understood not simply as one type of land use to be adapted for urban development, as current needs seem to dictate, but rather as a living part of the landscape that requires continued care and stewardship. Local food production is only one aspect of how urban agriculture can contribute to sustainability in cities. Well-managed farmland in cities contributes to residents' nourishment as well as shaping the visual aesthetics of neighborhoods, provides recreational and educational opportunities for interaction with nature, and (like in the case of Kyoto) is vital in preserving culinary traditions and thus, local cultural identity. This makes all urban residents, in one way or another, stakeholders, who benefit or suffer from the consequences of urban agricultural planning and policy.
Recovering some of the lost farmland still remaining as abandoned or vacant lots may be a policy intervention to complement those aimed at halting the loss of urban agricultural land. The increase in allotments from 2007 to 2017 as well as waiting lists for some allotments suggest that while some of the current owners of farmland may no longer be able or willing to cultivate it, other residents could be interested in taking over. While such engagement will likely not take the form of professional agriculture, a decisive strategy for expanding allotments, including the reduction of barriers in the current allotment system (e.g., tenure length limits) could both keep more farmland cultivated and provide more residents with access to the physical and mental benefits of gardening. This is especially relevant in Japan, where many urban residents lack both private and public green space [44] .
Limitations
The target area of analysis in this study was limited to the Kyoto City basin, excluding some hamlets scattered throughout the mountainous areas surrounding the city. Change and land use was only assessed for the ten years from 2007 to 2017. While larger agricultural home gardens on residential land were included, some micro-scale agriculture areas proved too small to detect (tiny vegetable beds, individual fruit trees, etc.) from the aerial imagery and were thus excluded. This was an effect of the higher urban density and smaller average garden size in Kyoto compared to studies where residential gardens were included [23] .
Conclusions
This study examined agricultural land use, land use change trajectory and post-agricultural land use from 2007-2017 in Kyoto, Japan, a city on the brink of a large projected population decline, similar to many regional Japanese cities. The results showed that agricultural land use in Kyoto has exhibited a declining trajectory of about one percent loss of farmland per year. The main post-agricultural land uses are residential (40%) and vacant land (28%). These results suggest that Kyoto City is currently not set to benefit from the projected shrinking process by localizing food production, despite a tradition of vegetable production.
Directions for future research of urban agriculture in Kyoto and beyond have emerged from this study. Future work should analyze which factors have driven the observed decline in agricultural land use in Kyoto City, including possible effects of aging and depopulation. An analysis of local, regional and national policies as well as planning strategies and contextual factors (e.g., local planning capacity and authority) affecting urban agriculture in Kyoto City is necessary to identify why the observed decline is happening and how the problem can be ameliorated. Scenario-based analyses could assist in providing tangible goals for a localized food system, or serve as material for discussion in transdisciplinary processes aiming to co-produce brighter food futures [45, 46] . The diverse agricultural practices encountered during the fieldwork for this study merit deeper investigation in the form of anthropological and/or ethnographic studies. The environmental impact of agricultural land use decline on human (farmers, residents, restaurants, tourists) and non-human stakeholders (wildlife including bees and other insects) represents another important topic to be investigated. This includes, in particular, the role of Kyoto's urban agriculture in producing and preserving local varieties beyond formally marketed vegetables as a point of both cultural and potential economic interest. Beyond Kyoto City, similar studies of other shrinking cities in Japan and elsewhere are needed to better understand if and how relocalizing urban food production is a viable strategy for sustainability transitions in the context of urban demographic shrinking.
